We present Interplanetary Network localization information for 147 gammaray bursts observed by the Burst and Transient Source Experiment between the end of the 3rd BATSE catalog and the end of the 4th BATSE catalog, obtained by analyzing the arrival times of these bursts at the Ulysses and Compton Gamma-Ray Observatory (CGRO) spacecraft. For any given burst observed by these two spacecraft, arrival time analysis (or "triangulation") results in an annulus of possible arrival directions whose half-width varies between 7 arcseconds and 2.3 degrees, depending on the intensity and time history of the burst, and the distance of the Ulysses spacecraft from Earth. This annulus generally intersects the BATSE error circle, resulting in an average reduction of the error box area of a factor of 25.
Introduction
In a previous paper (Hurley et al. 1998) we have presented the Ulysses supplement to the BATSE 3B Catalog of Cosmic Gamma-Ray Bursts (hereafter referred to as the 3B supplement). This catalog contained improved positions for 218 bursts in the 3rd BATSE catalog (Meegan et al. 1996) , obtained by arrival time analysis, or "triangulation" between the Compton Gamma-Ray Observatory and Ulysses spacecraft. The last BATSE burst in the 3B supplement is #3168, on 1994 September 15. In the present catalog, we update the 3B supplement with the addition of data on 147 bursts which occurred between 1994 September 15 and 1996 August 15 (BATSE #5575), the last burst in the BATSE 4Br catalog (Paciesas et al. 1998 ) observed by Ulysses. As none of the information in the 3B supplement has changed, we do not include any of the detailed data on the bursts in that catalog.
Instrumentation, Search Procedure, Derivation of Annuli, and Burst Selection Criteria
None of these has changed from the 3B supplement. We review each briefly, but refer the reader to Hurley et al. (1998) for a more detailed description.
The Ulysses GRB detector (Hurley et al. 1992 ) consists of two 3 mm thick hemispherical CsI scintillators with a projected area of about 20 cm 2 in any direction. The detector is mounted on a magnetometer boom far from the body of the spacecraft, and has a practically unobstructed view of the full sky. BATSE consists of eight detector modules situated at the corners of the Compton Gamma-Ray Observatory spacecraft. Each contains a Large Area Detector (LAD), a 50.8 cm diameter by 1.27 cm thick NaI scintillator (Meegan et al. 1996) . Every cosmic burst detected by BATSE is systematically searched for in the Ulysses data as soon as the BATSE data are available for it. This is done by using the approximate arrival direction from BATSE and the position of the Ulysses spacecraft to calculate a range of possible arrival times at Ulysses . Typical window lengths are 300 -500 s.
When a GRB arrives at two spacecraft with a delay δT, it may be localized to an annulus whose half-angle θ with respect to the vector joining the two spacecraft is given by
where c is the speed of light and D is the distance between the two spacecraft. (This assumes that the burst is a plane wave, i.e. that its distance is much greater than D.) The annulus width dθ, and thus one dimension of the resulting error box, is c σ(δT)/Dsinθ where σ(δT) is the uncertainty in the time delay. The radius of each annulus and its right ascension and declination are calculated in a heliocentric (i.e., aberration-corrected) frame.
The main selection criterion for a burst in this catalog is that it must have been detected by Ulysses and BATSE. We also utilize several other criteria, based on the correlation coefficient between the two light curves, a chi-squared statistic, and the ratio of the observed Ulysses counts to the BATSE counts. A final criterion for inclusion in the 3B supplement, namely that the burst must not have been observed by a third interplanetary spacecraft, is automatically satisfied for the present catalog, since no interplanetary spacecraft with burst detectors were in operation, other than Ulysses.
A Few Statistics
There are 1637 bursts in the 4Br catalog (Paciesas et al. 1998) . Of these, 428 were observed by Ulysses and BATSE and in some cases, other spacecraft as well 2 . Thus Ulysses observed approximately one out of every 3.8 BATSE bursts over this period. The combination of the 3B supplement and the present catalog contains 365 bursts.
The histogram of Figure 1 shows the distribution of annulus half-widths (i.e. δR IPN in Table 1 ) for the 365 bursts localized. The smallest is about 7 ′′ , the largest 2.3 o , and the average is 5.4
′ . 265 of the annuli, or 73%, intersect the BATSE 1 σ error circles, whose radii are defined by r 1σ = σ 2 stat + σ 2 sys , where σ sys is the systematic error, 1.6 o , and σ stat is the statistical error. This is less than the number which would be predicted (87%). An analysis of a preliminary version of the IPN catalog describes several more complicated BATSE error models that are consistent with the BATSE-IPN separations (Briggs et al. 1998a) . A more extensive analysis, utilizing the data in the present paper, appears in Briggs et al. 1998b . One quantity of interest is how close the annulus passes to the center of the error circle. Let α 1 , δ 1 be the right ascension and declination of the center of a BATSE error circle, and let α 2 , δ 2 , θ 2 be the right ascension, declination, and radius of an annulus. Then the minimum distance between the error circle and the annulus is given by
A histogram of the distribution of minimum distances between the annuli and the centers of the BATSE error circles is given in Figure 2 .
In general, the annuli obtained by triangulations are small circles on the celestial sphere, so their curvature, even across a relatively small BATSE error circle, is not always negligible, and a simple, four-sided error box cannot be defined. For this reason, we do not cite the intersection points of the annulus with the error circle. Figure 3 shows the BATSE peak fluxes and fluences for 285 of the 365 bursts with flux and fluence entries in the 4Br catalog.
Table of Annuli
The ten columns in table 1 give: 1) the date of the burst, in ddmmyy format, 2) the Universal Time of the burst at Earth, 3) the BATSE number for the burst, 4) the BATSE right ascension of the center of the error circle (J2000), in degrees, 5) the BATSE declination of the center of the error circle (J2000), in degrees, 6) the total 1 σ statistical BATSE error circle radius, in degrees, (the approximate total 1σ radius is obtained by adding 1.6 o in quadrature, but see Briggs et al. 1998a,b for an improved error model), 7) the right ascension of the center of the IPN (BATSE/Ulysses ) annulus, epoch J2000, in the heliocentric frame, in degrees, 8) the declination of the center of the IPN (BATSE/Ulysses ) annulus, epoch J2000, in the heliocentric frame, in degrees, 9) the angular radius of the IPN (BATSE/Ulysses ) annulus, in the heliocentric frame, in degrees, and 10) the half-width of the IPN (BATSE/Ulysses ) annulus, in degrees; the 3 σ confidence annulus is given by R IPN ± δ R IP N .
Entries are given only for the 147 bursts which occurred between the end of the 3B and the end of the 4Br catalog. The BATSE data have been taken from the latest online catalog, and are given here for convenience only; the catalog 3 should be considered to be the ultimate source of the most up-to-date BATSE data. Table 1 is also available electronically 4 . Figure 4 compares the BATSE error circles with the IPN annulus/error circle intersections for the bursts in this catalog. To generate the plot, it was assumed that all annuli pass through the centers of their corresponding BATSE error circles.
Conclusion
The Ulysses GRB experiment continues to operate. As of 1998 April, it has detected about 560 BATSE gamma-ray bursts. Data on these events may be found at the IPN web site 5 .
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